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ABSTRACT 


Measurements  of  the  airborne  low-frequency  sound  from  ths  Opera- 
tloo  CASTUS  nuolssr  explosions  Mere  made  at  15  ramate  locations! 
cowing  s  variety  o*  distances  sod  directions  from  the  Pacific  Prov¬ 
ing  Grounds*  with  the  objective  of  studying  ths  relation  between 
signal  characteristic!  and  the  energy  released  over  the  range  of 
yields  firm  1  to  15  tegatons  equivalent.  Both  standard  and  very  low- 
frequency  sound  recording  equipment  responsive  to  small  atmospherie 
pressure  variations  in  ths  frequency  range  from  1.0  to  0.002  cyclee/ 
eocond  were  eaployed.  Signals  wars  detected  at  ranges  exceeding 
45*000  km  for  explosions  larger  than  5  HT,  30*000  km  for  the  1.7  MT 
shot*  end  10*000  las  for  ths  OJJ  MT  shot.  All  megaton  shots  produced 
the  iMtiei  dispersive  wave  train  of  very  low-frequency  previously 
noted  for  ITT  MICE. 


PREFACE 


Conclusions  given  in  this  report  are  those  of  AFQAT-i*  Heed- 
quarters  U,  3.  Air  Force,  and  do  not  necessarily  reflect  the  opinions 
of  agencies  participating  in  the  project. 
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FOREWORD 


Tills  report  is  on*  of  tb*  reports  pro  son  ting  th*  rs  suits  of  th* 
34  projects  participating  in  th*  Military  Effects  Tests  Program  of 
Op* ration  CASTLE,  which  Included  six  t«st  detonation*.  For  r*ad*r* 
interested  in  other  pertinent  test  information,  referenc*  is  and*  to 
HT-934,  Senary  Report  of  the  Caaasander,  Task  Unit  13*  Programs  1-9* 
Military  Effects  Program.  This  sumaiy  report  includes  the  following 
information  ol  possible  general  interest. 

a.  An  over-all  description  of  each  detonation,  including 
jiald,  height  of  burst,  ground  aero  location,  time  of 
detonation,  ambient  atmospheric  conditions  at  detona¬ 
tion,  etc.,  for  the  six  shots. 

b.  Discussion  of  all  projsct  results. 

e.  A  sumaary  of  each  project,  including  objective*  and 
results. 

d.  A  couplet*  listing  of  all  reports  covering  the  Military 
Effect*  Test*  Program. 
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INTRODUCTION 


id  objectives 

The  priaary  objective  of  Project  7.2,  Operation  GA3TUE,  w^s  to 
record  and  analyse  tho  airborne  acoustic  wni  generated  by  tho  ther- 
aanaelw  oploaloM  ia  ordor  to  provide  calibration  data  for  om  in 
tho  interpretation  of  acoustic  signals  frnw  foreign  nuclear  vxplo- 
done.  Additional  Important  objectives  included  a  dollaaatlon  of  tho 
capabilities  and  liwitatiens  of  atandaxd  d»  taction  equipcssnt  and  a 
study  of  tho  relation  of  various  signal  eharaotoriatiea  to  tha  total 
•nsrgy  raloaaod  in  tho  explosion.  A  secondary  objective  was  tho 
oolloction  of  data  on  tho  propagation  of  dispersive  waves  fron  a 
vary  largo  atmospheric  pressure  pulse  with  tho  hope  of  eventual 
interpretation  in  tome  of  the  tsapereture  and  wind  structure  in 
the  upper  ataoophoro. 

1.2  BACKCROCND 

Benoto  acoustic  asaeurenents  have  been  asdo  during  all  previous 
United  States  nuclear  teste  except  TRUSTY  (July  1945).  The  purpose 
of  participation  in  CROSSROADS  (July  1946),  SANDSTONE  (April  and  Nay 
1946),  and  GREENHOUSE  (AprU  and  Nay  1951)  wee  to  aatabliah  the 
feasibility  of  acoustio  detection  of  nuclear  explosion  a  of  node  rate 
/laid  at  distances  in  excess  of  4000  ka,  sines  at  least  that  range 
was  necessary  if  a  reasonably  efficient  acoustic  Monitoring  eye  tew 
for  foreign  explosions  was  tote  established.  Results  from  CROSS- 
nruml.2/#  and  frow  SANDSTCKEj/  war#  discouraging  ainoo  tha  ■axiii 
distanoe  for  positive  detection  wee  only  1900  kn.  The  use  of  iw~ 
proved  detection  equipment  and  techniques,  however,  resulted  in 
detection  of  e  jh  nuclear  explosion  of  GREENHOUSES^/  at  a  range 
of  at  laaat  45**0  k*u 


6  Muafcere  refer  to  the  reference  list  at  the  end  of  tho  report. 
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Continued  participation  in  subsequent  nuclear  taste  was  required 
in  order  tu  delineate  the  capabilities  and  limitations  of  acoustic  de¬ 
tection  techniques  for  explosions  of  a  wide  range  of  yields  detonated 
in  the  air |  on  the  ground,  and  shallow  underground  during  different 
seasons  of  the  year.  Results  fro*  Operation  BU3T5R-JANGL8  (October  . 
and  N ore nber  1951)  J/  Operation  TUMBIER-SNAPFEB  (April  to  Jtne  1952 )£J 
and  Operation  UPSHOT-KNOTHOLE  (March  to  June  1953  Wf  indicated  a 
United  but  usable  detection  range  for  shots  of  snail  yield  seen  though 
detonated  shallow  underground.  Seasonal  shifts  in  propagation,  origi¬ 
nally  noted  during  tests  using  snail  TNT  charges  JrV  were  confirmed. 
Amplitudes  were  found  to  depend  markedly  on  propagation  conditions  and 
correlation  between  signal  period  and  yield  proved  quite  variable. 
Results  from  Operation  ITT  (November  1952)41/  showed  that  acoustic 
signals  fran  large  kiloton  and  megaton  explosions  were  distinguished 
fron  signals  from  smaller  explosions  by  longer  range  of  detection, 
generally  increased  amplitudes,  longer  periods,  and  generally  longer 
durations.  In  addition,  the  megaton  explosion  produced  a  characteris¬ 
tic  dispersive  train  of  acoustic  waves  not  previously  observed  for 
asn-mede  explosions.  These  waves  were  similar  to  the  waves  produced 
by  the  Great  Siberian  Meteor  (June  1908)  JJ/ 

Operation  CA3TLK  provided  an  excellent  opportunity  to  study  the 
acoustic  waves  from  explosions  ranging  from  yields  of  the  order  of  the 
larger  GKZKNHOUSS  shots  to  yields  larger  than  the  ITT  shots.  In  par¬ 
ticular,  it  offered  the  possibility  of  setting  s  lower  limit  of  ex¬ 
plosion  site  required  to  generate  dispersive  waves  in  the  atmosphere. 

No  adequate  theory  of  tbs  propagation  of  a  pressure  pulse  in  the 
atmosphere  is  available.  PekerisU/  and  Score riA/  have  developed  the 
theory  for  simplified  atmospheric  models  but  experimental  results  give 
only  qualitative  rssenblance  to  the  theoretical  results* 
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CHAPTER  2 


EXPERIMENT  DESIGN 


2»i  ?Ama?mm  jaggs, 

Pro>ct  7*2  WI  conducted  Jointly  by  the  SLgaal  Corps  Engineer¬ 
ing  Laboratories  (9CEL),  tea  National  Bureau  of  Standard*  (HE'S),  and 
the  Navy  Electronic*  Laboratory  (NEL),  under  tha  sponaorahlp  of  AFOAT-1, 
Headquarters  U.  3.  Air  Forme*  The  Office  of  the  Chief  Signal  Officer 
coordinated  the  Any  effort  and  tha  Office  of  Naval  Reeearch  coordi¬ 
nated  the  Navy  effort* 

The  Oeoptyaloe  Re ae arch  Directorate  of  the  Air  Force  Cambridge 
Research  Center  (AFCBC)  conducted  additional  measurements  during 
CASTLI  under  a  progran  eeparate  from  the  undone  effects  program* 
Although  detailed  results  mill  be  presented  in  a  special  AFCBC  report, 
brief  reference  mill  be  mads  here  to  significant  high-lighte  of  this 
work* 


2*2  STATIC*  LIST 

Table  2*1  lists  the  stations  asking  up  the  network  for  CASHS 
and  Fig*  2*1  shows  the  geographical  distribution  of  those  stations* 
Stations  operated  by  AFCBC  under  the  eeparate  program  mentioned  above 
are  also  included  in  the  table  for  informational  purposes*  The  table 
gives  the  geographic  coordinates  of  each  station,  tha  average  great 
circle  distance  from  the  station  to  the  Bikini  end  Ehiwetok  test  sites, 
and  the  average  asimuth  from  the  station  to  the  test  sites  measured 
elookwlee  from  true  north*  Actual  distances  and  aslmuths  to  the  indi¬ 
vidual  shot  locations  differ  slightly  from  values  listed  in  the  table* 

2*3  SHOT  PITA 

Information  regarding  the  data,  unclassified  oode  name,  location, 
tine,  condition,  and  yield  of  each  CASTLE  shot  la  lifted  in  Tahla  2*2* 
Figures  showing  the  relative  positions  of  shot  locations  in  Baiwetok 
and  Bikini  Atolls  may  be  found  on  pages  2  and  3* 
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2.4  STATTCW  LAYOUT 


Each  station  operated  by  the  Signal  Corps  consisted  of  four 
microphone  outposts,  one  at  each  comer  of  a  quadrilateral,  approxi¬ 
mately  square,  4  to  10  idles  on  a  side*  Each  outpost  was  connected 
by  wire  lines  to  a  recording  central* 

The  NEL  operated  arrays  of  two  to  fire  Microphone  outposts 
spaced  from  3  to  15  miles  apart  at  San  Diego,  Twenty-Nine  Palms,  and 
Gila  Bend*  In  most  instances  the  microphone  outposts  were  connected 
to  a  recording  central  at  each  station  by  wire  lines  or  radio  link* 

In  a  few  cases,  microphone  output  was  recorded  in  the  immediate 
vicinity  of  the  microphone*  A  single  microphone  was  operated  at 
Loe  Angeles* 

The  NBS  station  consisted  of  six  microphone  outposts  located  at 
the  comers  of  two  roughly  equilateral  triangles,  one  having  2&-mLle 
sides  and  the  other  14-mile  sides*  The  small  triangle  was  roughly 
centered  inside  the  larger  triangle.  Each  outpost  was  connected  by 
wire  lines  to  a  recording  central* 

AFCRC  stations  wers  similar  to  those  of  the  Signal  Corpa  except 
that  Individual  recordings  were  made  in  the  iasediate  vicinity  of  each 
tdcrophooa  outpost* 

2.5  INSTRUMENTATION 

2*5*1  General 

The  equipment  operated  for  CASTLE  was  practically  identical 
with  that  used  during  IVTw  except  that  att  septa  wars  mads  to  improve 
the  stability  and  reliability*  Two  main  types  of  equipment  were  used 
during  CASTLE »  (1)  standard  detection  equipment  moot  responsive  to 

atmospheric  pressure  changes  having  periods  ranging  roughly  from  1  to 
60  tec,  and  (2)  very  l<~**-frequency  equipment  responsive  to  change  In 
pressure  or  to  rate-o.  .  <04  of  pressure  for  signal  periods  ranging 
approximately  from  5  to  300  sec* 

2*5*2  3CEL  Instrumentation 

Standard  detection  equipment  was  employed  at  all  SCKL  sta¬ 
tions*  Data  Recording  System  M-2  12/  was  operated  at  Kyoto  sad 
Hachlnnha  and  NBS  Infraecnie  Microphone  Syetemls/  was  operated  at 
Oahu,  Thule,  Hanau,  Belmar,  and  Fairbanks  throughout  the  tests*  The 
Zweibrueken  and  Clark  Field  Stations  beoaas  operational  starting  with 
Shot  2  sad  employed  tbs  latter  equipment*  An  Improved  version  of  the 
M-2  system  was  operated  at  Ft*  Lewis*  Both  types  of  equipment  uti¬ 
lised  eondenver  microphone  a  as  the  pressure-sensitive  transducers, 
wire  lines  for  transmission  of  the  electrical  signal  from  the  outpeets 
to  the  recording  central,  and  Esterline-Angus  C-l  or  0-3  ma  graphic 
recorders*  The  M-2  employed  a  capacitance  bridge  and  a  phase 
sensitive  discriminator  to  produce  a  voltage  st  the  asms  frequencies 
as  the  pressure  fluctuations.  This  slowly  varying  voltage  was  trans¬ 
mitted  over  the  wire  lints  and  was  amplified  at  the  recording  central* 
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The  MBS  system  used  the  microphone  as  the  frsquencrp-controlling 
element  lit  a  Mien-bridge  oscillator  to  produce  a  frequency-nodulated 
signal  for  transmission  over  the  wire  lines  to  the  recording  central 
where  the  signal  was  demodulated  by  a  pulse-count  type  discriminator 
and  then  amplified,  The  H-2  equipment  responded  mainly  to  pressure 
changes  in  the  range  of  peviods  from  1  to  50  see  and  the  MBS  from 
1  to  35  sec.  The  maximum  sensitivity  for  the  H-2  was  of  the  order 
of  15-sm  deflection  for  a  pressure  change  of  1  dyne/cm2,  that  for  the 
improved  H-2  was  about  45-ns»/d7T.s/c m2,  and  that  for  the  NBS  waa  approx¬ 
imately  30-sss/dyne/cm2  during  CASTLE.  The  recording  speed  for  these 
instruments  was  3  in, /min. 

Very  leer-frequency  equipment,  covering  periods  from  5  to  300 
tee,  was  operated  at  Belaar  for  the  entire  test  seriss;  at  Oahu,  Fair¬ 
banks,  and  Ft,  Lewis  for  all  shot*  except  Shot  1;  and  at  Kyoto  for  all 
shots  except  1  and  2.  This  equipment  consisted  of  a  special  condenser 
microphone  designed  for  low-frequency  response  tnrough  use  of  a  very 
large  reference  volume,  e  high-resistance  acoustio  leak,  and  elaborate 
thermal  insulation.  The  electronic  and  control  circuits  were  similar 
to  that  employed  in  the  Improved  H-2  equipmsnt  and  the  maximum  senai- 
tivity  waa  approximately  the  same  aa  that  for  the  improved  H-2  equip¬ 
ment.  The  Sets rline-Angu s  graphic  recorders  were  operated  at  a  tape 
•peed  of  1.5  in./ndn. 

Each  standard  microphone  was  equipped  with  a  linear,  multiple- 
inlet  pipe  array,  1000  ft  in  length,  desi&ied  to  reduce  the  noise 
background  from  atmospheric  turbulence.  N r>  effective  array  was 
available  for  use  at  very  low-frequencies. 

2.5.3  KEL  Instrumentation 

Two  types  of  very  low-frequency  equipment  were  operated  fay  the 
NEL.  The  first  type,  employed  at  San  Diego  and  Gila  Bend,  consisted 
of  a  Richer  vibrotron  microphonaLZ/  modified  for  response  mainly  to 
periods  from  9  to  265  see  fay  use  of  appropriate  acoustic  leaks,  low- 
frequency  amplifiers,  and  thermal  insulation.  Output  was  recorded  on 
a  six-channel  Brush  graphic  recorder,  using  a  paper  speed  of  0.2  in./ 
•in.  at  San  Diego  and  0.5  ia./min.  at  Gila  Bend. 

The  other  type  of  equipment,  operated  at  all  NEL  stations, 
consisted  of  a  Signal  Corps  T-21-B  condenser  microphone  modified  to 
respond  mainly  to  periods  from  6  to  300  sec  fay  use  of  appropriate 
aooustic  leaks r  special  low-frequency  aayxLifiers,  and  elaborate 
thermal  insulation.  The  output  of  each  microphone  was  recorded  on 
an  Eaterline-Angus  graphic  recorder  at  0.75  in. /min.  In  addition, 
the  output  of  one  mLcrophone  each  at  San  Diego,  Twenty-Nine  Palme, 
and  Oils  Bend  was  recorded  on  magnetic  tape  for  the  purpose  of  study¬ 
ing  the  frequency  spectrum  of  recorded  signals.  At  t  -is±- 

tivity,  the  modified  Rieber  equipment  gave  a  deflection  of  approxi¬ 
mately  0.2-asa  for  a  pressure  change  of  1  dyne/ca2  and  the  modified 
T-21-B  equipment  gave  approximately  0 . 7-sm/dyne/cjr2 . 

No  effective  noi se- reducing  arrays  were  available  for  use  at 
very  low  frequencies. 
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2.5*4  KBS  Instrumentation 


All  six  outposts  at  tha  KBS  station  in  Washington,  D.  C.f  wars 
equipped  with  standard  NB3  equipmenti^/  almtlar  to  that  described  in 
•action  2.5.2.  Tha  nierophons  was  muiifled  by  increasing  tha  refer¬ 
ence  volume  and  increasing  tha  resietancs  of  tha  acoustie  laak  so 
that  tha  sansitivity  was  ineraasad  but  tha  fraquaney  raspoesa  remained 
the  sam.  At  marlaum  sensitivity,  tha  equipment  gave  a  daflaction  of 
approximately  50  s a  for  a  pressure  change  of  1  dyne/cm.  A  standard 
linear  pressure-averaging  pipe  array  of  Signal  Corps  daaign,  approod- 
nataly  1000  ft  in  length,  was  connected  to  each  Microphone.  Nonas! 
tape  speed  of  the  Eeterllne-Angus  graphic  recorders  was  3  in./min. 

Tbs  three  microphones  asking  up  ths  large  triangle  (see  sec¬ 
tion  2.4)  and  one  of  the  microphones  from  ths  small  triangle  were  also 
connected  to  special  aulti vibrator-type  discriminators  and  low-pass 
filter-amplifiers  to  produce  a  response  to  rate-of-change  of  pressure 
dote:  to  very  low  frequencies.  This  equipment  was  operated  at  a  sensi¬ 
tivity  which  gave  approximately  5C-eai  deflection  cn  an  Kacerline-Angua 
graphic  recorder  for  a  rata-of -change  of  pressure  of  1  dyue/ceaVeec. 
This  means  that  a  sinusoidal  pressure  change  of  1  dyne/ca^  it  a  period 
of  300  sec  would  produce  a  deflection  of  1  sc,  A  tape  speed  of  0.75 
in./ain.  was  employed. 

Five  of  the  standard  channels  anc  five  of  the  very  low 
frequency  channels  were  recorded  directly  on  magnetic  tape  for  use  m 
correlation  and  spectrum  studies. 

2.5.5  AFCRC  Instrumentation 

AFCBC  operated  the  modified  T-21-8  equipment  developed  by  KKL. 
(See  section  2.5.3)  Tape  speeds  and  sensitivities  usa  approximately 
the  same  aa  that  used  by  NEL. 


2,5.6  Timing 


Absolute  timing  was  obtained  by  reference  to  radio  sipvalv 
from  WV  and  WWVH.  Interval  timing  waa  accomplished  through  use  of 
uniform  rate  devices:  chronometers,  flasher  motor*,  and  direct 
marking  from  VWV  interval  signals. 
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CHAPTER  3 


RESULTS  AND  DISCUSSION 


3a  C8KKRA1 

The  results  of  aiwlyeie  of  graphic  records  f ras  both  standard 
aiid  vary  low-frequency  instruBSntation  art  llstad  in  Tablas  3,1  to 
2 ,11,  inclusive.  Data  inoluds  tka  tins  of  arrival  of  tho  first 
Istaotabla  signal  or,  in  ths  eats  of  sons  vary  low-frequency  record¬ 
ings,  tho  tint  of  arrival  of  ths  first  positiva  peak;  ths  tins  of 
arrival  of  tho  sari  aw  sag'll  tuds ;  tho  art  rags  asiasxth  ths  incosAng 
aeoustio  mvs  Measured  in  dsgrsss  olocHdso  from  trus  north;  tho  range 
of  horiaontal  phaas  velocity  or  ths  avsrags  velocity  obssrvsd  through¬ 
out  tho  savo  train;  tho  narlw  signal  aapHtuds*;  ths  total  duration 
of  tho  van  train;  ths  obssrvsd  signal  poriods;  and  tho  avsrags  noiso 
amplitude  just  bsfors  and  just  aftor  tho  arrival  of  ths  aeoustio 
signal.  Tbs  "first  van*  or  "direct  wavs"  refers  to  ths  signal 
arriving  by  ths  aost  direct  great  circle  path  from  tho  explosion  sits, 
tho  "second  wavs"  or  "antipodes  wavs"  refers  to  ths  arrival  via  tbs 
antipode a  of  ths  aaplosloa  sits,  etc. 

Results  of  analysis  of  amgnetic-tapa  recordings  are  presented 
In  pertinent  sections  throughout  this  chapter. 

3a  fSXKBSL&SS 

Xaoh  CASTLE  shot  of  equivalent  yield  in  ths  nags  ton  range  was 
t  'noted  on  standard  eqvdpmnt  a4,  vary  groat  distances  fron  the  ax- 
p.  >slon,  Fniy  operative  station  dstaetsd  the  direct  wave  tvm  these 
five  shots  (1,  2,  4,  5#  and  6).  Four  of  tbs  nine  operational  stations 
detected  the  wave  via  the  antipodes  for  Shot  1,  7  of  11  for  Shot  2, 

4  of  11  for  Abet  4,  E  of  11  for  Shot  $,  and  2  of  11  for  Shot  6.  Xn 
addition,  4  stations  detected  the  second  passage  of  the  direct  wans 


*  All  aaplitudes  era  uncorrected  for  equipment  response  except  those 
reported  by  MBS. 
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for  Shot  1,  3  for  Shot  2,  2  for  Shot  4,  2  for  Shot  5,  and  none  for 
Shot  6*  The  Clark  Field  station  detected  possible  ecoond  antipode ■ 
arrivals  fro*  Shots  4  and  5*  Maniacs  detection  ranges  were  51,470  ka 
for  Shot  1;  46,940  km  for  Shot  2)  75,200  km  for  Shots  4  sad  5,  and 
32,060  ka  for  Shot  6*  It  should  be  noted  that  see*  of  the  recordings 
fro*  extreme  ranges  are  of  somewhat  doubtful  validity. 

Only  four  stations  detected  the  direct  ware  fro*  Shot  3  and  the 
aaxlawns  detection  range  was  11,470  ka.  None  of  the  stations  to  the 
west  of  the  explosion  detected  the  acoustic  waves  fro*  Shot  3  although 
three  stations  were  arrayed  between  3960  and  4860  ka  fro*  the 
explosion. 

As  has  been  noted  during  previous  tests,  detection  ranges  were 
generally  leas  for  very  low-frequency  (VLF)  equipment  than  for  the 
standard  equipment  due  to  the  greater  noise  recorded  on  the  lower 
frequency  equipment.  However,  every  operational  VLF  station  detected 
the  direct  wave  from  the  four  largest  shots  (1,  2,  4  and  5),  most 
detected  Shot  6,  but  only  Oahu  detected  Shot  3,  Maximum  detection 
ranges  were  31,890  km  for  Shot  1;  25,140  ka  for  Shots  2,  4,  end  5} 

4040  ka  for  Shot  3!  and  18,100  ka  for  Shot  6, 

3.3  fflCMAL  CHARACTER! 3TIC3 

3.3,1  General 


Character  of  the  direct  wavs  fro*  the  four  largest  CASTLK 
shots  is  illustrated  in  Fig.  3.1  which  shove  greatly  reduced-scale 
tracings  of  recordings  st  Sen  Diego.  Sossswhat  large r-scale  tracings 
fro*  I VI  Milos  end  CASHS  Shot  1  are  included  for  the  purpose  of  ocaw> 
peri  son.  All  very  low-frequency  recordings  fro*  megaton  shots  showed 
the  dispersive  train  of  waves  noted  for  I VI  Mike,  However,  each  shot 
produced  significant  differtnoss  in  tho  variations  in  period  end 
amplitude  with  time.  Significant  changes  in  the  dispersive  train 
with  distance  end  direction  were  also  noted,  but  it  will  be  necessary 
to  await  the  APCHC  report  for  greeter  detail.  No  dispersive  train  was 
observed  on  recordings  fro*  Shot  3* 

Most  recordings  on  standard  equipment  also  showed  definite  evi¬ 
dence  of  at  least  s  portion  of  the  dispersive  train  for  the  four  larg¬ 
est  shots  although  the  amplitudes  wore  greatly  reduced  by  lack  of  low- 
frequency  response. 

Antipodes  end  second  direct  arrivals  on  VI7  equipment  also 
showed  narked  evidence  of  the  dispersive  train  in  eases  of  Llgh 
dgnal-to-nciM  ratio, 

3*3.2  f .  yVl99lttf  1 

An  accurate  ssasurement  of  the  hori mental  phaso  velocities  for 
the  long  signal  periods  (and  correspondingly  long  ua«r>-lcngths)  ob¬ 
served  in  tbs  initial  pert  of  the  dispersive  *ralc  was  believed 
possible  only  by  using  the  very  large  triangles  operated  by  NXL  in 
the  Calif oraia-Arisena  region.  These  triangles  consisted  of  Ins 
Angelas  -  San  BLsgo  -  Twenty-Nine  Pains  and  Sen  Diego  -  Twenty-Nine 
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Palm*  -  Gila  Band.  The  first  of  thoao  triangles  m  about  200  km  an  a 
•id*  while  tho  la t tar  was  composed  of  200- ,  350-,  and  400-km  log*. 

Phase  velocities  reported  by  NEL  ran  god  from  315  to  325  Baton  par 
second  for  Shot  1,  322  to  327  for  Shot  2,  317  to  325  for  Shot  4,  and 
315  to  325  for  Shot  5*  Tboao  values  woro  slightly  lower  than  tha 
normal  reloeity  of  sound  at  ground  larel  (about  335)  and  an  nearly 
equal  to  the  traral  speeds  for  fint  arrirals  at  these  locations. 
Theoretical  studies  predicted  phase  velocities  equal  to  the  speed  of 
sound  at  /(round  level  —*  i.e.,  vertical  wave-fronts. 

Horisontal  phase  velocities  obtained  frou  standard  equi patent 
at  stations  tdtere  tha  oicrophcne  spacing  was,  in  general,  email  com¬ 
pared  to  the  wave-length  of  tha  acoustic  signal  shoved  a  considerable 
range  of  values.  However,  practically  every  first-wave  signal  gave 
phase  velocities  covering  sons  portion  of  tho  range  from  31#  to  360 
aeten  per  second.  Second,  third,  end  fourth-wave  arrivals  gave 
greater  spreads  in  phase  velocities  than  did  fint -wave  arrivals. 

This  may  be  attributable,  at  least  partially,  to  tha  generally  lower 
signal-to-noiee  ratios  for  the  late:  wave  arrivals. 

3.3.3  Simsl  Amplitudes 

Oats  on  signal  amplitudes  are  subject,  in  waxy  cases,  to  con¬ 
siderable  error  due  to  the  fset  that  tha  signal  periods  lay  outaids 
the  pass-band  of  tho  equipment.  Only  tha  data  from  tho  MBS  Washington 
station  have  boon  corrected  for  response.  In  general,  amplitudes  re¬ 
ported  for  very  low-frequency  equipment  should  be  of  greater  accuracy 
for  the  longer  periods  then  amplitudes  reported  for  standard  equipment. 
Difficulties  in  celibating  tha  very  low-frequency  instrumentation  and 
i a  raining  an  see  ’rata  calibration  under  field  oooditions  throw 

considerable  doubt  on  the  accuracy  of  that#  measurements. 

As  exp* v, tod,  the  high'sensitivity  of  the  standard  equipment 
resulted  in  many  off-scela  signals.  As  noted  in  previous  torts,  aspli- 
tudes  generally  decreased  with  distance  from  the  explosion  aits.  How¬ 
ever,  very  large  variations  in  amplitude  prevent  more  than  a  qualita¬ 
tive  statement  of  this  relationship, 

A  detailed  study  of  the  asjplitudes  recorded  by  very  low- 
frequency  equipment  is  being  undertaken  by  AFCBC.  Results  will  be 
reported  separately  by  that  organisation  at  a  Later  date. 

3.3.4 

Detectable  signal  for  direct  wave  arrivals  on  standard  equip¬ 
ment  persisted  for  a  mini  mem  of  8  mla  and  a  maximnm  of  369  min,  the 
average  being  74.  Antipodes  and  later  arrivals  persisted  for  a  adnl- 
mnm  of  3,  a  maximum  of  530,  and  an  average  of  140  min. 

For  very  low-frequency  equipment,  the  direct  wave  ai goals  per¬ 
sisted  for  •  minimum  of  9,  a  maximum  of  240,  and  an  average  of  79  mla. 
Antipc^es  and  later  arrivals  gave  a  minimum  of  83,  a  maximum  of  339, 
and  an  average  of  192  min. 

The  duration  of  the  signal  depend* d  greatly  upon  the  noise 
level  at  the  recording  station. 
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The  frequency  content  of  the  signal  «u  studied  both  by  visual 
analysis  of  graphic  records  and  by  aa china  analysis  of  nagnetic  tap* 
reecrding*.  VLF  rscordings  vara  usad  mainly  to  raraal  tha  long  parlods 
occurring  in  tha  disparsiTa  train  and  tha  standard  racordings  vara  usad 
in  tha  study  of  tha  shorter  parlods  la  tha  later  arrivals. 

In  general,  signals  froa  tha  aegaton  shots  started  with  an  in¬ 
crease  of  pressure  followed  by  a  larger  negative  pulse.  Tbs  first 
seasurable  parlods  generally  ranged  froa  200  to  450  aao  and  vara 
followed  by  decreasing  periods  at  later  tines,  at  lsast  for  the  first 
30  sin.  Many  of  the  recordings  showed  later  arrivals  of  ncn-dlsperalve 
character. 

Short  period  arrivals  characteristic  of  waves  trapped  by  taao- 
perature  and  wind  gradients  in  the  first  fsw  thousand  feet  of  the 
atmosphere  vers  observed  at  the  beginning  of  scae  recordings  at  sta¬ 
tions  within  5000  kn  of  the  explosion.  Such  waves  bad  occasionally 
bean  observed  at  stations  within  1000  las  of  previous  U,  3,  explosions, 
but  never  at  such  long  ranges.  Periods  in  these  arrivals  ware  of  the 
order  of  3  to  5  see  end  persisted  for  as  long  as  5  ain, 

3,4  travel  spma 

The  speed  of  travel  of  the  ecoustie  wave,  computed  by  dividing 
the  great  circle  distance  froa  eouroe  to  station  by  the  total  alspsed 
tins  required  for  that  travel,  is  presented  in  Tables  3,12  and  3*13- 

The  average  speed  of  travel  of  the  first  recognisable  signal 
froa  the  direct  wave  on  standard  equipaent  was  310  asters  par  second 
for  Shot  1,  300  for  Shots  4  and  5,  307  for  Shot  2,  and  288  for  Shot  3* 
Average  speeds  for  stations  to  tha  east  and  northeast  of  the  explosion 
site  were  eair^w tat  higher  than  average  speeds  to  the  vest  sad  northwest 
of  the  site  for  Shots  1  and  2  but  the  reverse  was  true  for  Shots  4,  5* 
and  6,  this  Is  apparent  froa  the  following  eastward  versus  westward 
speed v  316  vs.  307  for  Shot  1,  309  vs.  305  for  Shot  2,  288  vs,  28 9  for 

Shot  3,  306  vs,  315  for  Shot  4,  309  vs,  311  for  Shot  5,  and  294  vs*  315 

for  Sh^t  6, 

Cowparing  speeds  to  Oahu  toward  the  east  and  to  dark  Field 
toward  the  voet  since  these  stations  vers  at  approximately  equal  dis¬ 
tances  froa  the  site,  note  that  Oahu  gave  a  speed  of  310  for  Shot  2 

eonpared  to  306  for  dart  Field,  312  against  289  for  Shot  3$  303  oea- 

pared  to  319  for  Shot  4,  318  to  314  for  Shot  5*  end  292  ooapared  to 
320  for  Shot  6,  dark  Hold  was  not  lr  operation  for  Shot  1,  bat  Oahu 
reported  a  high  spaed  of  335  m/m%,  Xxoept  for  Shot  5  data,  the  gen¬ 
eral  trend  was  toward  decreasing  speeds  eastward  and  Increasing  speeds 
westward  as  the  CASTLS  series  progressed  froa  28  February  to  U  May. 

The  average  travel  speed  for  first  arrivals  froa  the  direct  wars 
on  VLF  equipment  ranged  soasvbat  higher  then  speeds  obtained  froa 
standard  rwoordlags,  Over-all  average  speeds  for  all  W  recordings 
froa  direct  waves  were  319  for  Shot  1,  321  for  Shot  2,  310  for  Shot  3, 
317  for  Shot  4,  315  for  Shot  5*  end  302  for  Shot  6,  These  higher 
speeds  mie  due  to  tbs  earlier  snivel  of  the  long-period  dispersive 
train  reoorded  on  VI I  equipasot.  Frequently,  noise  obscured  seas  af 
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these  long  periods  on  standard  equipment.  Directional  trends  in  VLF 
speeds  were  not  immediately  apparent.  However,  more  detailed  studies 
of  these  effects  will  be  undertaken  by  AFCRC. 

3.5  AZIMUTH  ERRORS 

The  difference  between  the  true  asimnth  from  the  station  to  the 
explosion  site  and  the  observed  azimuth  of  the  incoming  acoustic  wave 
is  given  in  Table  3.14  for  standard  recordings.  Normally,  the  azimuth 
measurements  were  restricted  to  aignal  periods  less  than  about  100  ssc 
in  ordsr  to  obtain  accuraciss  approximately  equivalent  to  that  ob¬ 
tained  for  smaller  explosions.  For  distances  lies  then  12,000  km  from 
the  explosion  site,  the  msTinam  observed  azimuth  error  was  11.5°  and 
tbs  average  error  waa  3.2°.  At  longer  distances,  much  larger  errore 
were  reported.  No  consistent  pattern  of  azimuth  errors  was  observed 
which  could  be  related  to  the  direction  the  acoustic  wave  traveled 
from  the  source.  In  many  instances,  stations  within  a  few  hundred 
miles  of  each  other  reported  large  differences  in  azimuth  errore.  For 
example,  errore  at  Kyoto  and  Hachinohe  differed  by  4*6,  2.6,  3*5,  11.5, 
and  0.2  degrees  for  shots  1,  2,  4,  5,  and  6  respectively. 

Azimuth  errors  for  the  dispersive  wave  could  not  be  accurately 
determined  at  moat  stations  because  the  separation  between  microphones 
was  small  coopered  to  the  wave-lengths  of  ths  acoustic  wave.  However, 
reasonable  accuracies  were  possible  for  the  large  NSL  station  arrays 
in  ths  Calif ornia-Arisona  region.  Ths  average  errors  observed  by  HKL 
were  10°  for  Shot  1,  4°  for  Shot  2,  6°  for  Shot  4,  and  2°  for  Shot  5* 

3.6  HSU 

Attempts  have  t^en  made  to  relate  various  characteristics  of 
acoustic  signals  at  great  distances  to  ths  total  ensrgy  relsased  by 
ths  nuclear  explosion.  Critical  dependence  of  signal  amplitude  on 
ths  variable  temperature  end  wind  structure  in  the  upper  atmosphere 
coupled  with  difficulties  in  the  accurate  measurement  of  aaplitude 
led  to  a  search  for  more  reliable  indicators  of  yield.  Dr.  A.  B. 

Focks*  suggested  a  possible  connection  between  signal  frequency  and 
yield,  postulating  a  cube-law  relationship  based  upon  general  scaling 
considerations.  Maynard  Cowan VI (  of  ths  Sandia  Corporation  verified 
this  cube-law  relationship  between  ths  duration  of  the  first  negative 
pules  end  yield  for  acoustic  records  st  ranges  vf  7  to  600  miles  from 
explosions  st  tbs  Nevada  Test  Site. 

A  critical  examination  of  a  great  many  acoustic  recordings  at 
distances  greater  than  1000  km  from  explosions  in  ths  yield  range  from 
1  to  500  KT  equivalent  led  to  use  of  the  visually  observed  signal 
periods  In  ths  vicinity  of  maximum  amplitude  (uncorrvcted  for  response) 
for  standard  recordings  as  ths  best  indicator  of  yield.  Figure  3.2 


Formerly  of  ths  Navy  Klsctrcnics  Laboratory}  now  with  ths  Karins 
Geophysical  Laboratory,  Scrippe  Institution  of  Oceanography. 
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•horn  4  log-log  plot  of  yield  against  observed  period.  Period*  wore 
eelected  from  downwind  or  cross  wind  stations  in  the  northern  hemi¬ 
sphere  for  susmwr  end  winter  propagation  conditions  and  froa  all 
stations  during  spring  end  fell  conditions.  For  each  shot,  the 
periods  froa  these  selected  stations  ware  ere raged  and  these  averages 
were  plotted  as  shoe  in  the  figure.  Stations  exhibiting  very  low 
signal-to-ccdse  ratio  or  re  17  confused  frequency  patterns  were 
eliminated. 

Similar  periods  were  selected  from  standard  recordings  of  the 
direct  wavs  from  the  megaton  shots  of  IVY  and  CASTLE.  These  data  are 
also  plotted  in  Fig.  3*2.  Care  waa  taken  to  eliminate  the  dispersive 
train  froa  consideration  as  far  as  possible  In  selecting  the  appro¬ 
priate  signal  period  since  it  was  believed  that  this  train  depended 
mainly  »  the  structure  of  the  a tao sphere  rather  than  the  site  of  the 
eouroe. 

A  beet  power-law  curve  waa  coign; ted  by  A.he  method  of  least- 
squares  for  data  up  to  and  including  yields  of  $00  KT.  This  curve 
indicated  the  yield  to  be  equal  to  a  constant  tints  the  period  raised 
to  roughly  the  third  power.  The  standard  error  of  estimate  *%s  also 
emigrated  and  the  3-standard  error  lines  were  plotted  on  Fig.  3.2. 

It  was  noted  that  data  for  yields  above  about  100  KT  fall  along 
a  curve  of  different  elope  froa  that  at  lower  yields.  The  best  curve 
in  this  region  indicated  the  yield  to  be  equal  to  a  constant  times  the 
period  raised  to  roughly  the  fourth  power. 

Very  large  errors  are  inherent  in  this  method  of  determining 
yield  from  acoustic  Measurements,  For  yields  up  to  about  100  KT*  3 
standard  errors  of  estimate  cover  yields  as  small  as  one-fifth  and  as 
large  as  five  times  the  correct  value.  Errors  at  yields  above  roughly 
100  KT  seen  slightly  smaller  although  a  correction  for  the  small 
aanpls  has  been  applied.  Three  standard  errors  cover  yields  as  small 
as  one-third  and  as  large  as  three  times  the  correct  value  at  these 
higher  yields. 

Studies  of  the  accuracy  of  yield  determinations  from  the  9IF  re¬ 
cordings  are  being  made  by  AFCRC  and  will  be  reported  in  a  separate 
report  at  a  later  date.  Effort  is  being  centered  on  measurement  of 
amplitude  for  these  recordings* 

Many  other  general  indicators  of  yield  were  apparent.  For 
instance,  the  existence  of  s  dispersive  train  was  apparent  on  graphic 
records  only  for  shot*  with  yields  of  1.7  KT  and  greater.  Also,  the 
greater  detection  ranges,  larger  numbers  of  stations  recording,  end 
the  generally  higher  amplitudes  all  were  indicative  of  larger  shots. 
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CHAPTER  4 


CONCLUSIONS  AND  RECOMMENDATIONS 


4*1  00WCUISICM3 

4*1.1  Da^otlcn  Rfy 

Ra cults  froa  CASTLE  ccnfira  ra cults  obtained  from  ITT  and  from 
precious  nuclear  detonations  regarding  the  range  of  detection.  With 
standard  equipment  it  was  possible  to  detect  negated  shots  at  eery 
great  distances  (usually  at  least  25*000  las).  Ranges  for  W  equip- 
■ant,  while  still  considerable*  were  generally  appreciably  less  than 
for  standard  equipsMnt.  Range  for  the  low  kiloton  shot  was  greatly 
reduced  but  was  greater  than  the  4000  ka  ncmally  considered  desirable 
for  effective  detection  net  operations. 

4.1.2 

The  characteristics  of  acoustic  signals  frost  the  CASTLE  deto¬ 
nations  were  alnllar  to  that  observed  for  previous  teste.  All  Megaton 
shots  showed  dispersive  waves  while  the  kiloton  shot  did  not;  ho  ri¬ 
sen  tal  phase  velocities  showed  considerable  spread  but  covered  the 
eaan  range  of  values  previously  observed;  amplitudes  ranged  froa  a 
tenth  of  a  dyne/car  to  several  hundred  dynee/ca2  depending  on  the 
equipnent*  alas  of  shot,  distance  froa  source*  end  noise  level;  sig¬ 
nals  persisted  for  a  very  lang  tine;  and  signal  periods  spread  over 
acre  than  8  octaves*  froa  3  to  450  eeo. 

CASTLE  data  definitely  proved  that  dispersive  waves  nay  be 
generated  by  -hots  having  a  yield  as  low  as  1.7  MT.  These  dispersive 
waves  seened  to  be  aodifled  by  the  ataospherie  structure  along  the 
path  froa  the  source  to  the  station. 

*•*•3  Travel  Speeds 

Oreatest  travel  speeds  were  noraally  observed  for  the  long- 
period  dispersive  waves*  but  in  a  fsw  instances  ouch  shorter-period 
waves  were  propagated  over  a  few  thousand  kiloaeters  at  them  aa— 
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speeds.  The  maximum  speed  of  travel,  335  meters/second,  was  roughly 
equal  to«+he  speed  of  sound  at  jround  level. 

Travel  speeds  for  direct  waves  on  standard  equipment  showed 
somewhat  greater  variability  than  did  the  speeds  for  ITT. 

4.1.4  Asinuth  Errors 

Azimuth  errors  observed  for  CAST'S  were  consistent  with  those 
observed  on  previous  tests*  Errors  in  the  azimuths  computed  for  the 
dispersive  train  were  roughly  the  sane  as  the  errors  for  later  portions 
of  the  wavs  train* 

4.1*5  Held 

For  megaton  shots,  the  yield  is  given  very  approximately  as  a 
constant  tines  the  fourth  power  of  the  period  at  Medina  amplitude  for 
standard  equipasict*  The  asthod  of  measuring  the  period  Is  ecaerahat 
subjective  end  the  relationship  between  yield  and  period  is  eery  in¬ 
accurate*  In  addition,  it  should  be  noted  that  the  method  requires 
measurements  at  a  number  of  stations  for  each  shot  in  Older  to  achieve 
even  the  semi -quantitative  results  reported  here. 

4.1.6  Directional  Effects 

Tbs  shift  noted  In  travel  speeds  (speeds  toward  tbs  east 
greater  than  tt  t  toward  the  west  in  March  shifting  to  the  opposite  In 
May)  wars  consistent  with  pievioua  observations*  This  indicates  that 
April  was  the  change-over  month  for  stratosphere  winds* 

4.1.7  gflalHWlrt 

Standard  equipasnt  was  superior  to  Til  equipment  for  detection 
purposes  and  provided  a  convenient,  though  inaccurate,  means  of  esti¬ 
mating  yield*  In  addition,  most  standard  recordings  showed  sons  evi¬ 
dence  of  the  dispersive  train  though  with  greatly  reduced  amplitude  at 
the  longer  periods*  It  remains  to  be  seen  whether  TH  recording*  of 
the  longer  periods  will  give  an  accurate  estimate  of  yield* 

4*2  HEOOWgWDATIOWS 

Reooamandatlons  for  future  participation  in  tests  of  megaton 
weapons  must  await  tbs  results  of  studies  by  APCBC* 


28 

SECRET -RESTRICTED  DATA 


SECRET  -  RESTRICTED  DATA 


SHOT  1 


aUibniU-&lsoai  Baglai*  CISTU  mod  XTT 


SECRET -RESTRICTED  DATA 


TABU  2.1  CASTUB  Hanof  Acoustic  Station  List 
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TAT  5  2.2  CA5TU  Shot  D*t* 


TABLE  3.1  -  Acoustic  DtU  for  CASTLE  Shot  1,  SUndsrd  Equipnsnt 
(Souros  Timt  28  February  1954*  164$ >00  QKT) 
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TABU  3*4  -  Aeoufttie  Data  for  CASTLE  Shot  2.,  Tory  Low-Praquancj  Equl point 
(Souroa  Tim*  26  March  1954,  1830*00  GMT) 
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TABU  3*4  -  Acoustic  Sets  for  CA3TU  Shot  2,  ?«ry  Low-f  rtqucccj  Iqulpwit  (Centd) 

(Source  Tlact  26  March  1954,  1830*00  GMT) 


TABU  3*5  -  Aeoostie  Data  for  CASTLfc  Shot  ; 
(Sooroo  Umi  06  April  1954,  1420*00  Off) 
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TABUt  3*6  -  Aoouatio  Data  for  CASHS  Shot  4,  Standard  IquLpoaat 
(Sam*  TlMt  25  April  1954,  ISLOtQl  GMT) 
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TABLE  3.6  -  Acoustic  Data  for  CASTLE  Shot  5,  Standard  Equipment 
(Sourcs  Tint  OU  May  1954,  ISlOiOO  CWT) 
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TABIX  3«9  •  Aoooctie  Data  for  CASIXX  Shot  5*  Vary  Low-Frequency  Equipoent 

(Source  Tiaai  04  Roy  1954,  1810*00  GMT) 
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7  low  Frvqumoj  Eqolpaont  (Coaid) 
1*10100  Off) 


TABUS  3.10  -  Acoustic  Data  for  CASTLE  Shot  6,  Standard  Equipment 
(Source  Tiaet  13  Kay  1954,  1820:00  GHT) 
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TABU  3*10  -  ieoutie  Data  for  CA2TU  Shot  6,  Standard  Bquipatnt  (Cootd) 
(Soqtm  TL»«  13  Xaj  1954,  1820*00  Off) 


1 


W] 

O 

•  • 

«-4  H 

M-5 

Q  W> 

H  8 

ip 

£  * 

M 

§§»7 

O  <M 
•  • 
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H  •  O 

3  ^  s 
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1  1 
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e  Data  for  CASTLE  Shot  6,  Very  Low-Frequency  Equipment 
ree  Tiaet  13  Kay  1954,  1320:00  GMT) 


TABLE  3.12  Trml  Speeds  for  First  Acoustic  Arrivals, 
Standard  Equipasnt,  Operation  CASTLE 


Travel  Speed  (Heters/cec) 


Station 

"Shbtx: 

KITI'M  ■i-i’wV 

El^lU 

fe'>nwi 

■■  1  ~1  1  If  1  1  IH 

Kyoto 

306 

307 

- 

31S 

309 

313 

Hachinohs 

307 

302 

- 

308 

311 

311 

Oahu 

335 

31S 

312 

303 

318 

292 

Clark  Field 

mo 

306 

289 

319 

3U 

320 

Fairbanks 

317 

315 

29S 

308 

3CQL 

298 

Ft.  Lewis 

320 

305 

- 

307 

307 

292 

Thule 

305 

309 

- 

304 

298 

303 

Hash.,  D.C. 

305 

302 

254 

yon 

304 

293 

Belaar 

302 

306 

- 

304 

315 

296 

Hanau 

292 

30A 

- 

301 

308 

306 

Zwslbracksa 

mo 

305 

- 

306 

308 

305 

Second  Wavs  (Anti Dodss) 

Zeeibrucksn 

mo 

3U 

- 

ns 

305 

- 

Hanau 

302 

306 

- 

- 

306 

- 

Beluar 

- 

- 

- 

274 

271 

- 

Mesh.,  D.C. 

- 

286 

- 

26' 

268 

us 

Thule 

288 

298 

m 

288 

286 

278 

Ft.  Lnds 

- 

- 

- 

276 

272 

275 

Fairbanks 

- 

296 

- 

- 

286 

ns 

Clark  Field 

- 

- 

- 

- 

270 

ns 

Oahu 

309 

293 

c m 

- 

- 

Hachinohs 

307 

292 

- 

- 

- 

- 

Kyoto 

- 

- 

- 

- 

- 

- 
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TABLE  3.12  Travel  Speeds  for  First  Acoustic  Arrivals, 

Standard  Equipment,  Operation  CASTLE  (Coctd) 


1 _ _ _  —  '■  1 

[  Travel  Speed  (Metere/eec)  1 

Station 

Shot  1 

I  Shot_2 

Shot  3 

1  Shot  4 

Shot  5 

Shot  6 

_ _ _ 

Third  Wavs  (Second  Direct) 

Kyoto 

299 

- 

- 

- 

- 

Hachinoha 

- 

2*3 

mm 

- 

mm 

Clark  Fla Id 

- 

2*3 

mm 

28* 

2*3 

- 

Fairbanks 

mm 

300 

- 

297 

mm 

- 

Ft.  Leeds 

303 

- 

- 

am 

- 

- 

Thuls 

296 

- 

ise 

mm 

- 

- 

Utah.,  D.C. 

288 

- 

- 

- 

- 

- 

Hanau 

- 

- 

- 

- 

289 

- 

Clark  Field 

- 

- 

- 

277 

2*5 

- 

ft 


I 


I 


ft 


ft 


ft 


ft 


ft 


ft 
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TAB  IS  3*13  Trawl  Spaads  for  Plrat  Acoustic  Arrivals, 

Very  Low-Fraqusney  Equipnsnt,  Ops rati on  CASTLR 


1  . . . . -  '  1 

Travel  Spaad  (Ms taro/sac)  j 

Station 

Shot  1 

Shot  2 

Shot  3 

Shot  L 

Shot  5 

Shot  6 

i  i 

First  Wavs  (Dlract) 

Kyoto 

CO 

CO 

- 

320 

306 

313 

Oahu 

mo 

316 

310 

318 

313 

294 

Fairbanks 

no 

316 

- 

313 

310 

3d 

Ft.  Louis 

mo 

325 

- 

313 

319 

292 

Los  Angolas* 

313 

323 

- 

322 

316 

- 

San  Disco* 

318 

323 

- 

322 

316 

- 

29  Pains* 

318 

323 

- 

322 

316 

- 

QLla  Band* 

318 

322 

an 

322 

316 

- 

Masb«t  D.C. 

318 

326 

- 

yen 

312 

293 

Balaar 

316 

308 

yen 

318 

295 

Ranaa 

CO 

EM 

m 

yen 

313 

306 

Dandn* 

318 

325 

- 

316 

318 

314 

MUni* 

324 

328 

- 

323 

318 

- 

Fttsrto  Riao* 

325 

326 

- 

322 

317 

307 

Durban* 

3U 

- 

312 

311 

an 

Bscifa* 

320 

320 

- 

319 

316 

*  Spa  ad  eosputsd  for  arrival  of  first  posit!  va  paak. 
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TABLE  3*13  Travel  Speeds  for  First  Acoustic  Arrivals 
Very  Low-Frequency  Equipment,  Operation 
CASTLE  (Con id) 


Station 


Be  Lear 
Hash.,  D.C. 
Ft.  Lewis 
Fairbanks 
Oahu 


Recife* 

Durban* 


Los  Angeles* 
San  Diego* 
29  Pains* 
GtiLla  Bend* 


ShotJ^ 


NXO 


321 


316 

316 

316 

NIO 


Travel  Speed  (Haters/ sec) 


3kLR  Shot  3  1  Shot  U 


Second  Wave  (Antipodes) 

275 


307 

288 


321 

328 


287 


319 

326 


272 

281 

272 

287 


317 

322 


Third  Wave  (Second  Direct) 


*  Speed  computed  for  arrival  of  first  positive  peak. 
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TABLE  3*14  Asluth  Error**,  Standard  Equipment 
Operation  CASTLE 


Azimuth  Errors  (Degrees) 

Station 

■EE5»1 

Shot  3 

Shot  4 

■■MW 1 

mmsmsi 

First  Wars  (Direct) 

Kyoto 

4.2  SW 

2.3  SV 

- 

0.4  SW 

5.6  HE 

1.4  SW 

Kachiaobe 

0.3  NE 

0.3  NE 

- 

3.9  SW 

5.9  SW 

1.2  SW 

Oahu 

2.7  N 

3.7  W 

2.0  N 

0.2  S 

2.2  S 

2.0  N 

Clark  Field 

NIO 

5.1  S 

5.8  3 

0.1  S 

7.1  S 

0.3  3 

Fairbanks 

3.1  SB 

2.9  NW 

0.1  NW 

1.0  SE 

6.0  NW 

0.3  SE 

Ft.  Lewis 

4.0  NW 

0.0 

- 

1.1  NW 

1.1  NW 

0.7  NW 

Thule 

7.6  3 

5.4  V 

- 

6.5  W 

11.5  W 

3.5  W 

Wash.,  D.C. 

5.0  NW 

11.0  SE 

0.1  NW 

5.0  NW 

1.0  SE 

3.8  NW 

Belaar 

4*5  SE 

6.5  SE 

- 

0.6  NW 

2.4  SE 

1.8  SE 

Kansu 

33.7  E 

5.7  E 

- 

0.4  W 

4.4  W 

2.2  W 

Zwslbrueksn 

NIO 

20.3  E 

me 

4.2  E 

3.2  E 

4.5  E 

*  Difference  between  true  azimuth  and  measured  azimuth.  "E"  wans 
indicated  source  is  east  of  the  true  source;  "N”  wans  indicated 
source  is  north  of  true  source;  etc. 
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TAJSLe.  3 .LA  Azimuth  Errors ,  Standard  Equipment , 
Operation  CASTLE  (Cortd) 


Station 


Zweibrucken 


Hanau 


BeLmar 
Wash.,  D,C. 
Thule 
Ft.  Lewis 
Fairbanks 
Clark  Field 


Oahu 


Hachinohe 

Kjroto 


Kyoto 
Hachinohe 
Clerk  Field 
Fairbanks 
Ft.  Lewis 
Thule 

Wash.,  D.C. 
Hanau 


Clark  Field 


_ Azimuth  Errors  (Degrees 


Shot  1  I  Shot  2  I  Shot  3  I  Sh 


2.7  E 


lft.  6  E 


40.7  H 


110.3  SW 
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